T his is the sixth edition of the American Heart Association's recommendations for indirect measurement of arterial blood pressure. The purpose is to facilitate the AHA's mission to reduce disability and death from cardiovascular diseases and stroke by providing practical guidelines for measuring an important physiological variable that contributes to and is associated with these major diseases. The recommendations are intended to provide a uniform standard and methodology for day-to-day use by all health care workers and for use in epidemiological, educational, and clinical studies. This edition clarifies and updates information provided in previous versions. The writing group is indebted to the previous groups and their chairmen for their extensive work and expresses special appreciation to the late Dr. Walter Kirkendall for his lifelong work in the field of hypertension.
the cuff is gradually deflated, the pressure is noted at which sounds produced by the arterial pulse waves (Korotkoff sounds) appear and disappear again as flow through the artery resumes. The direct and indirect methods yield similar measurements, but these are rarely identical because the direct method measures pressure and the indirect method is more indicative of flow. The indirect method is generally less accurate and less reproducible. Nevertheless, it is sufficiently accurate for many diagnostic and therapeutic studies and will continue to be used because it is practical, simple, low in cost, and noninvasive.
Because the level of arterial pressure is the basis for major diagnostic and therapeutic decisions in medicine, the measurement must be correct and maximally reproducible. Although the occluding cuff technique appears simple and easy to learn, there are many possible causes of error and inaccuracy. Therefore, the technique for measurement should be standardized so that information from different observers is comparable and can be readily used in serial evaluations of an individual or for epidemiological and research studies. This report outlines a simple, standardized, step-by-step protocol for the indirect measurement of blood pressure. Routine, careful adherence to this protocol will facilitate accurate and reproducible (and reliable) quantification of this important physiological variable. This report is intended for everyone who measures blood pressure: health care workers, researchers, and people who measure their own blood pressure.
The scientific bases for these recommendations are provided when available; otherwise, consensus recommendations are made, in the interest of standardizing the procedure. The bibliography provides the sources of our recommendations and is a basis for further reading. The special considerations of measuring blood pressure in infants, children, the elderly, pregnant women, and the obese are reviewed. Because of the growing interest in self-measurement and ambulatory blood pressure measurement, these techniques and their applicability are also discussed. Appendix A is a list of potential errors in measuring blood pressure and ways to correct or avoid them. We emphasize the need for systematic training and recertification of observers and the desirability of regular recalibration of equipment. The importance of making accurate blood pressure measurements for the evaluation and treatment of hypertension are stressed in light of the epidemiological importance of this diagnosis.
Epidemiology of Hypertension
Hypertension is one of the major modifiable risk factors for stroke, coronary heart disease, congestive heart failure, renal failure, and peripheral vascular disease.' It is estimated that 50 million Americans have a blood pressure level consistently at or above 140/90 mm Hg, and are therefore at increased risk for developing complications. 2 The risk from hypertension is present whether only systolic pressure, only diastolic pressure, or both are elevated. 3 Other potentially modifiable risk factors for cardiovascular, cerebrovascular, renovascular, and other vascular diseases include dyslipidemias, tobacco use, lack of exercise, diabetes mellitus, and excessive alcohol intake; the concurrent presence of multiple risk factors further increases the risk of developing cardiovascular disease.24'5 The diagnosis of hypertension consequently has serious implications for longevity and also affects insurability, employability, and suitability for certain occupations and activities. It is therefore imperative that the diagnosis of hypertension be based on accurate, representative, and reproducible measurements.
Hypertension is defined as a persistently elevated blood pressure; that is, a pressure that exceeds an arbitrarily set level of normalcy.6 Pressures above this level are associated with an escalating risk for the development of arteriosclerosis, left ventricular hypertrophy, nephrosclerosis, and cerebrovascular disease. Involvement of these target organs in turn leads to risk of decompensation of cardiac and renal function and of thrombotic, embolic, aneurysmal, or hemorrhagic vascular disease. 5 The risk increases progressively: the higher the blood pressure and number of concurrent risk factors, the more advanced the degree of target organ involvement.57 Systolic and diastolic blood pressure are closely correlated and are correlated with risk of cardiovascular disease independently and in combination. However, high systolic pressure may contribute more to the risk of complications than high diastolic pressure.3 There is no blood pressure level below which there is no risk or above which cardiovascular complications are inevitable. The arbitrary division between "normal" and "abnormal," despite the fact that risk increases in a continuum, is useful for classification of individual patients and for facilitation of both diagnostic and therapeutic decisions. Because the risk that an elevated pressure will lead to clinical sequelae is long term rather than short term, the diagnosis of hypertension should be based on multiple determinations over several visits. The Joint National Committee on the Diagnosis, Evaluation, and Treatment of Hypertension (JNC V) has recommended that in the nonhospitalized adult at least two measurements be made on securely wrapped around the limb, an inflation bulb for manual inflation of the bladder in the cuff, and tubing connecting both the manometer and the inflation bulb to the bladder.
Stethoscope. The stethoscope, which consists of a microphone or head, tubing, and ear pieces, is placed over the occluded artery to amplify the Korotkoff sounds. The bell, or low-frequency filter of the microphone, permits more accurate auscultation of the Korotkoff sounds than the diaphragm, especially at diastolic pressures; its routine use is therefore recommended.14 However, the diaphragm is widely used because it is convenient, easily placed, and more generally available. Some of the sphygmomanometers designed for self-measurement of blood pressure are equipped with a microphone or sensor built into the occluding cuff. This obviates the inconvenience of holding the bell over the brachial pulse with one hand while compressing the bulb with the other hand, but may introduce extraneous sounds. The length of the tubing from the ear pieces to the microphone should be long enough that the seated observer can conveniently place the bell over the artery and listen for the sounds while observing the manometer at eye level (12 to 15 in, 30 to 38 cm).
Manometer. The calibrated manometer reflects the pressure in the occluding cuff by the height of a column of mercury or by the location of a rotating needle on a dial scale. The mercury manometer is preferred and recommended over the aneroid manometer because it is more accurate, easier to maintain, and less likely to become decalibrated.'5 However, because of the risk of the toxic effects of mercury spills, mercury manometers must be handled carefully and their use has been discouraged in some areas of high traffic where accidental spills are more prone to occur. The column of mercury should have a height and calibration scale from o to 300 mm Hg, marked at intervals of 2 and 10 mm Hg. Smaller scales from 0 to 260 mm Hg are also available. The mercury reservoir should be full so that the upper curve of the meniscus is at the zero level before the cuff is inflated. The mercury should rise and fall freely in the column; bouncing or hesitation of the mercury during deflation reflects clogging of the air vent or dirt or air bubbles in the column. The column should be kept vertical except on the specially designed floor models, which have a slanted scale. See Appendix C for safety precautions for the use of mercury.
The aneroid manometer is also widely used and can provide accurate measurements if properly calibrated. 16 However, because of its construction, it is prone to mechanical alterations that can affect its accuracy. The aneroid manometer consists of a metal bellows, which expands as the pressure in the cuff increases, and a mechanical amplifier that transmits this expansion through a lever to the indicator needle, which rotates around a circular, calibrated scale. The needle should rest at the zero point before the cuff is inflated and return to that point after the cycle of inflation and deflation. Aneroid manometers require maintenance every 6 months and should be handled gently to avoid decalibration. The accuracy of the calibration should be checked regularly (Fig 1) . Recalibration is required when the readings differ from the standard mercury manometer by more than 4 mm Hg. When decalibrated, aneroid manometers tend to underread the pressure, especially at higher levels, but may be inconsistent in their variation from the mercury standard at any blood pressure level. Inflation system. The inflation system consists of an expandable, rectangular rubber bladder encased in a nondistensible cuff, an inflation bulb, and connecting tubing. The cuffs used for oscillometric determination of the blood pressure do not have a removable bladder separate from the cuff. The cuff is applied by wrapping it completely around the limb so that the noninflatable portion overlaps that containing the bladder, and is secured with a self-adhesive material such as Velcro. The bladder is connected by rubber tubing to the manometer, which reflects the pressure inside the bladder. The tubing must be free of leaks and long enough that the subject can be comfortably positioned next to the manometer without the tube's becoming kinked or compressed, which could interfere with smooth inflation or deflation. The bladder is also connected by a shorter tube to a valved rubber bulb, which is used to inflate and deflate the bladder at a rate controlled by the release valve.
Considerable thought has been given to the size and dimensions of the occluding bladder and its encasing cuff. [17] [18] [19] The variables considered are the length and width of the bladder and the ratio of one to the other, the relation of the width of the bladder to the length of the upper arm, and the relation of both the width and the length of the bladder to the circumference of the arm. For any arm circumference, as the bladder size (length and width) is increased in a stepwise manner the blood pressure reading is progressively lower, until a plateau is reached at which no further increase in cuff size results in further reduction of the blood pressure measurement.'9 This plateau occurs approximately when the width of the bladder is 40% of the circumference of the upper arm at the midpoint and the length of the bladder is 80% of the circumference of the arm. The use of a bladder that is too small (too narrow or too short) for the circumference of the limb results in overestimation of the blood pressure. 19 The error of underestimation of the pressure, which results from the use of a bladder that is too large, is less than the error of overestimation with a bladder that is too small. To date there is no published systematic study that relates the measurements made with stepwise increments in cuff dimensions (length and width), in arms of varying circumferences and lengths, to simultaneous intra-arterial measurements. Hence, the committee's consensus recommendation is based on the available literature. It is recommended that the width of the bladder be 40% of the arm circumference, and the length of the bladder be long enough to encircle at least 80% of the arm in adults. In children the occluding bladder should be long enough to encircle the arm completely (100%). Overlapping of the ends of the bladder in children does not appear to introduce an error in measurement.
The cuffs generally available have been classified by the width of the bladder rather than by the length, and are labeled "newborn," "infant," "child," "small adult," "adult," "large adult," and "thigh," but different manufacturers have produced cuffs of varying dimensions (both length and width) under these names because no universal standards have been established. A large number of cuffs with varying sizes of bladders are commercially available, but not all of these are of the recommended dimensions. Ideally, every cuff should be labeled with the dimensions of the enclosed bladder; a line should mark the center of the bladder, and two lines should indicate the range of arm circumferences for which the bladder is suitable, ie, encircling 80% to 100% of the circumference (Fig 2) . Unlabeled cuffs should be so marked by the user. For cuffs with longer bladders, a length:width ratio of more than 2:1, the corresponding appropriate arm circumference is greater; however, the ratio of bladder width to arm circumference should be as close as possible to 0. 40 (4) make note of and remember the level of the pressure at the first appearance, at muffling, and at the disappearance off the Korokof sounds, while continuing to the systolic and diastolic pressure (Phases IV and V) accurately to the nearest 2 mm Hg.
Observer errors can also result from subconscious biases. Terminal digit preference is caused by the tendency to round pressure readings off to numbers ending in zero instead of recording more accurately to the nearest 2 mm Hg. A cut-off or direction bias results in falsely recording pressures as being above or below a predetermined level or dividing line between "normal" and "hypertensive." An observer may also be influenced by knowledge of earlier readings.
Subject
For screening and monitoring purposes, the blood pressure is measured in the upper arm, with the subject seated. Serial measurements should be performed on the same arm for consistency. Under clinical circumstances, measurements are often performed in other positions as well. In the initial evaluation of hypertensive patients, the blood pressure should be measured in both arms and occasionally in the legs. The subject must be comfortably seated with the midpoint of the upper arm at the level of the heart (approximately the fourth intercostal space, when the individual is seated). 23 When the subject is standing, care must be taken to support the raised arm at the level of the heart. When the subject is lying down, the arm should be at the side of the body, slightly raised from the bed or examination table, at the level of the middle of the chest. Ideally the measurements should be made after a period of rest in a quiet, relaxed setting, not immediately after exertion or ingestion of coffee or during conversation; the legs should be uncrossed, with the feet resting firmly on the floor, not dangling, and the back supported, because any form of isometric exercise during the measurement will transiently raise the blood pressure level.24 Blood pressure levels are affected by environmental, emotional, and physical stimuli, so every effort should be made to standardize the conditions of the measurement, keeping extraneous influences to a minimum. Anticipation of pain or anxiety about the procedure and its outcome can raise the blood pressure level and potentially lead to overestimation of the usual blood pressure levels.
Technique
The intent and purpose of the measurement should be explained to the subject in a reassuring manner and every effort made to put the subject at ease.
The sequential steps for measuring the blood pressure in the upper extremity, as for routine screening and monitoring purposes, should include the following:
1. Have paper and pen at hand for immediate recording of the pressure.
2. Seat the subject in a quiet, calm environment with his or her bared arm resting on a standard table or other support so the midpoint of the upper arm is at the level of the heart.
3. Estimate by inspection or measure with a tape the circumference of the bare upper arm at the midpoint between the acromium and olecranon process (between the shoulder and elbow) and select an appropriately sized cuff. The bladder inside the cuff should encircle 80% of the arm in adults and 100% of the arm in deflate the occluding cuff, and (5) remember and record children less than 13 years old. If in doubt, use a larger cuff. If the available cuff is too small, this should be noted.
4. Palpate the brachial artery and place the cuff so that the midline of the bladder is over the arterial pulsation, then wrap and secure the cuff snugly around the subject's bare upper arm. Avoid rolling up the sleeve in such a manner that it forms a tight tourniquet around the upper arm. Loose application of the cuff results in overestimation of the pressure. The lower edge of the cuff should be 1 in (2 cm) above the antecubital fossa (bend of the elbow), where the head of the stethoscope is to be placed.
5. Place the manometer so the center of the mercury column or aneroid dial is at eye level and easily visible to the observer and the tubing from the cuff is unobstructed. 6 . Inflate the cuff rapidly to 70 mm Hg, and increase by 10 mm Hg increments while palpating the radial pulse. Note the level of pressure at which the pulse disappears and subsequently reappears during deflation.25 This procedure, the palpatory method, provides a necessary preliminary approximation of the systolic blood pressure to ensure an adequate level of inflation when the actual, auscultatory measurement is made. The palpatory method is particularly useful to avoid underinflation of the cuff in patients with an auscultatory gap and overinflation in those with very low blood pressure.
7. Place the earpieces of the stethoscope into the ear canals, angled forward to fit snugly. Switch the stethoscope head to the low-frequency position (bell). The setting can be confirmed by listening as the stethoscope head is tapped gently.
8. Place the head of the stethoscope over the brachial artery pulsation, just above and medial to the antecubital fossa but below the lower edge of the cuff, and hold it firmly in place, making sure that the head makes contact with the skin around its entire circumference. Wedging the head of the stethoscope under the edge of the cuff may free up one hand but results in considerable extraneous noise. 9 . Inflate the bladder rapidly and steadily to a pressure 20 to 30 mm Hg above the level previously determined by palpation, then partially unscrew (open) the valve and deflate the bladder at 2 mm/sec while listening for the appearance of the Korotkoff sounds. 26 10. As the pressure in the bladder falls, note the level of the pressure on the manometer at the first appearance of repetitive sounds (Phase I) and at the muffling of these sounds (Phase IV) and when they disappear (Phase V). During the period the Korotkoff sounds are audible, the rate of deflation should be no more than 2 mm per pulse beat, thereby compensating for both rapid and slow heart rates.
11. After the last Korotkoff sound is heard, the cuff should be deflated slowly for at least another 10 mm Hg, to ensure that no further sounds are audible, and then rapidly and completely deflated, and the subject should be allowed to rest for at least 30 seconds. 12 . The systolic (Phase I) and diastolic (Phase V) pressures should be immediately recorded, rounded off (upwards) to the nearest 2 mm Hg. In children, and when sounds are heard nearly to a level of 0 mm Hg, the Phase IV pressure should also be recorded. All values should be recorded together with the name of the subject, the date and time of the measurement, the arm on which the measurement was made, the subject's position, and the cuff size (when a nonstandard size is used).
13. The measurement should be repeated after at least 30 seconds, and the two readings averaged. In clinical situations additional measurements can be made in the same or opposite arm, in the same or an alternative position. 25 Systematic errors that observers often make are listed in Appendix A, as are suggestions for improving the technique.
Blood Pressure Recording in Special Situations Infants and Children
Measuring blood pressure in infants and children presents special problems because of their frequent lack of cooperation, although the same techniques are used as in adults.27-30 Several pediatric cuff sizes are available and should be selected as indicated (see Appendix D) to ensure that the bladder completely encircles the limb. Because the Korotkoff sounds are often heard through the entire period of deflation, determining diastolic pressure as Phase IV is recommended in children less than 13 years old. (See "Report of the Second Task Force on Blood Pressure Control in Children.27") In small children and infants, the palpatory method is often used for approximating systolic pressure, even though this may be 5 to 10 mm Hg lower than the level measured by auscultation. In very small infants, the blood pressure is often determined by the flush method, which involves placing a suitable cuff on the arm or leg, raising the limb, and wrapping the extremity distal to the cuff firmly with an elastic bandage until it is drained of blood and blanches. The limb is then lowered to heart level, the cuff is rapidly inflated, and the bandage is removed. As 
Pregnant Patients
In pregnant women, a rise in blood pressure or the diagnosis of hypertension has major significance for the outcome of the pregnancy for both the mother and the fetus. Measuring the blood pressure of pregnant women is more complicated because of the wide pulse pressure and the need to record both Phase IV and Phase V because sounds can often be heard to 0 mm Hg. In the third trimester, especially, the mother's position can affect blood pressure levels; measurements made with the woman in the left lateral decubitus position, with the arm below the level of the heart, are often lower than those made in the sitting position with the arm at heart level. 33 Obese Patients A longer and wider cuff is needed for adequate compression of the brachial artery in the obese patient with a very large upper arm.18,19,34,35 A large cuff may also be required for a big, muscular arm with a prominent biceps over which a regular, nontapered cuff might not fit smoothly. In both situations it is particularly important to place the center of the bladder over the brachial artery pulse. If the upper arm is relatively short despite the large circumference, it may be difficult to fit a standard large adult cuff over the arm. The British Hypertension Society's recommendation to use a very long cuff (12.5 x 35 cm) could obviate this problem. In the rare patient with an arm circumference greater than 50 cm, when even a thigh cuff cannot be fitted over the arm, it is recommended that the health care practitioner wrap the cuff around the patient's forearm and feel for the appearance of the radial pulse at the wrist. The accuracy of this method has not been validated, but it provides at least a general estimate of the systolic blood pressure. The error of overestimating the pressure when measuring with a cuff that is too small for an obese arm can be considerable and can lead to misclassification of an individual as hypertensive and to unnecessary concern and therapy.
Miscellaneous Conditions
In patients who are clinically in shock it may be difficult to hear the Korotkoff sounds or palpate a peripheral pulse because of generalized vasoconstriction. Indirect blood pressure measurements can be very unreliable in this situation. An approximate estimate of the systolic pressure can be made using the palpatory method. The direct method, using an intra-arterial line, is preferable under these circumstances.
In patients who have a high cardiac output (eg, thyrotoxic or febrile patients or patients with aortic valve insufficiency, an arteriovenous fistula, or peripheral vasodilatation) and in children, the Korotkoff sounds can often be heard to a level close to 0 mm Hg. In such patients the pressure at which Phase IV (muffling) occurs should be used as an approximate index of diastolic pressure, but both Phase IV and Phase V pressures should be recorded.
In patients who have recently undergone a mastectomy with extensive axillary node dissection or other surgical procedure involving the arm or shoulder, it is recommended that blood pressure be measured in the opposite arm. Likewise, in dialysis patients, measuring blood pressure in the arm with the arteriovenous fistula should be avoided.
In patients with cardiac dysrhythmias such as atrial fibrillation or frequent premature beats, the systolic pressure may vary widely from beat to beat, so the pressures at which the first and last Korotkoff sounds are heard may differ from measurement to measurement. In such situations the rate of deflation should be more gradual and multiple blood pressure determinations should be made and averaged. In patients with a slow heart rate, it is particularly important to reduce the pressure in the cuff gradually (2 mm Hg per heart beat) to avoid underestimation of systolic pressure and overestimation of diastolic pressure.
Disparity in pressure between the two arms may occur in patients with congenital heart disease, peripheral vascular disease, unilateral neurological and musculoskeletal abnormalities, and aortic dissection. Although the blood pressure should routinely be measured in both arms on the initial examination of a hypertensive patient, under the above circumstances this recommendation is of particular importance. A consistent difference should be noted, and in hypertensive patients the arm with the higher pressure should be used for subsequent measurements. In patients with stenosis of the subclavian, axillary, or brachial artery, the presence of a bruit may interfere with interpretation of the Korotkoff sounds.
An auscultatory gap, often detected in patients with high systolic pressure, is not abnormal.'3'36 However, if the systolic pressure is not first estimated by palpation, insufficient inflation of the cuff can lead to erroneous designation of the lower end of the gap as the systolic pressure.
Measurements made during exercise, as during a treadmill test, are difficult to make and often inaccurate when made with currently available equipment. The use of oscillometric or Doppler equipment may provide a more accurate measurement in these situations.
Measuring blood pressure in the lower extremity is indicated in subjects who are suspected of having coarctation of the aorta or other types of obstructive aortic disease. The thigh cuff is used in adults and a large cuff in infants and children. With the subject lying face down, the cuff is applied with the center of the inflatable bladder over the posterior aspect of the midthigh. The head of the stethoscope is placed over the artery in the popliteal fossa (behind the knee) and the Korotkoff sounds are monitored as the pressure in the bladder is lowered, in the same manner as in the arms. If the subject is unable to lie face down, thigh pressures can be taken with the subject lying on the side or back, with the knee slightly flexed so the stethoscope can be placed over the popliteal pulse easily. The diastolic pressure in the legs is usually similar to that in the arms, while the systolic pressure may be 20 to 
Ambulatory Blood Pressure Measurements
Ambulatory blood pressure measurements refers to repeated measurements made away from the medical environment with a portable, automatic (self-inflating) recorder in patients engaging in their usual activities.39 These measurements are particularly useful in patients in whom there is a wide disparity between physicianand self-determined pressures, making it difficult to know which blood pressure level to use for diagnostic and therapeutic decisions. Ambulatory measurements are also useful for relating fluctuations in blood pressure level to symptoms reported by the patient and for assessing the effect of antihypertensive therapy. A number of miniature, lightweight, silent, fully automatic machines are now available, but continued validation of their accuracy, calibration, and conformity with standards is urged. 40, 41 In most, but not all, hypertensive patients the blood pressure obtained in a physician's office is higher than the pressures measured during the remainder of the day. If the office pressures are in the range defined as hypertensive, and the pressures during the remainder of the day are in the "normal" range, the patient is said to have "white-coat hypertension."42 Patients who respond to the physician's examination with an exaggerated rise in blood pressure tend to have a lesser pressor response to an encounter with a nurse and may have lower or even normal blood pressures at other times, as determined by automatic ambulatory blood pressure monitoring. 43 Patients who have white-coat hypertension may be at risk for being diagnosed as having persistent hypertension and for being overtreated. However, because all existing epidemiological studies of hypertension are based on office blood pressure measurements, further longitudinal research is needed to clarify the role of ambulatory blood pressure monitoring in the management of patients with raised arterial pressure. tBased on the average of two or more readings taken at each of two or more visits following an initial screening. In addition to classifying stages of hypertension based on average blood pressure levels, the clinican should specify presence or absence of target-organ disease and additional risk factors. For example, a patient with diabetes and a blood pressure of 142/94 mm Hg plus left ventricular hypertrophy should be classified as "Stage 1 hypertension with target-organ disease (left ventricular hypertrophy) and with another major risk factor (diabetes)." This specificity is important for risk classification and management.
Conclusion
From Reference 2.
APPENDIX C Precautions Against Contamination With Mercury
Metallic mercury is an element that is liquid at room temperature and tends to break into tiny, highly mobile droplets when spilled. These droplets vaporize and can contaminate the atmosphere. In laboratories, offices, and clinics where mercury manometers are used regularly, precautions must be taken to limit the inhalation, ingestion, or absorption of mercury by personnel in case of a spill or breakage. It is recommended that health care personnel refer defective mercury manometers for servicing by professionals. In the event of a mercury spill, the room should be well ventilated and the spilled mercury carefully swept up, not vacuumed, and taken to the laboratory for disposal. Personnel involved with the regular use of mercury manometers should be familiar with the available institutional facilities for handling mercury spills. *There is some overlapping of the recommended range for arm circumferences in order to limit the number of cuffs; it is recommended that the larger cuff be used when available.
tTo approximate the bladder width:arm circumference ratio of 0.40 more closely in infants and children, additional cuffs are available.
